We present a three-octave-wide phase-stable seeding scheme using separate supercontinua in bulk driven by a CEP-stable laser and its second harmonic to provide optimized seeds for each spectral channel of a parallel parametric waveform synthesizer. Waveform synthesis is a promising route to scale the bandwidth of optical pulses obtained via OP(CP)As beyond one octave [1] . Aside from the broad bandwidth supporting sub-cycle pulse durations, waveform synthesis allows to custom sculpt the electric field transient. Such tailored pulses offer tremendous advantages for strong-field experiments aiming to study electron dynamics on the attosecond time scale [2] . Furthermore, such sub-cycle pulses would allow for direct generation of isolated attosecnd pulses (IAP) via HHG in gas, without the need of optical gating techniques. The three-channel parametric waveform synthesizer, under development in our laboratory, is expected to generate pulses with a bandwidth exceeding two octaves and energy in the milijoule-range [3] . Non-sinusoidal sub-cycle field transients furthermore promise to significantly enhance the efficiency and extend the cutoff energy of HHG in gas. One of the challenges of waveform synthesis is to provide a coherent seed for the different spectral channels that exhibits (i) a multi-octave bandwidth, (ii) a stable spectral intensity and a smooth (compressible) spectral phase, and (iii) CEP stability. White-light generation (WLG) in bulk materials driven by CEP-stable pulses can offer such characteristics, even if it is challenging to achieve sufficient stability over the whole bandwidth. Experimental setup with a cryo Ti:Sa laser pumping a passively CEP-stable OPA-system to provide a CEP-stable 2 μm output. This beam is frequency doubled (SHG) in a BBO to provide 1 μm and both beams are separated by a dichroic mirror (DM). The CEP of the 1 μm pulse is monitored with an f-2f-setup. The signal is fed back to the OPA system to stabilize the CEP in addition actively. Both outputs are used to drive separate supercontinuum generation in bulk (WLG). Both broadened spectra are recombined with a beam splitter (BS) and the coherent fringes are observed with a home-made single-shot InGaAs-based spectrometer. (b) Spectra of the generated WL (recorded with NIRQUEST-256 from Ocean Optics)
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On the other hand each individual OP(CP)A spectral channel needs at most one octave of seed bandwidth, due to phase-matching limitations. We then proposed a new seeding scheme employing separate white-lights for each spectral channel of our synthesizer [4] . Such scheme provides significant advantages over a single WL seeding approach, because each WL can be optimized to seed one specific spectral region. Although a certain degree of temporal coherence among WL was demonstrated by Bellini et al. [5] , the question arises if separate WLs could give an acceptable relative phase noise for seeding a waveform synthesizer. We performed an early study aimed to quantify the phase noise among two WL driven by the same 800 nm 150 fs pulse [4] . In that experiment we measured the relative phase noise among the two WLs to be 32 to 64 mrad. In a former study we also proposed the possibility to cover three-octaves (<500 nm to >4 μm) by combining two WL spectra independenty driven by a 2 μm pulse and by its second harmonic at 1 μm. By using different driving wavelengths, the spectral regions of each WL around its own driver can be avoided and replaced by the other WL. In this following experiment we focus on quantifying the relative phase noise among WLs driven by different harmonics of the same pulse. Our driving source is a home-build passively and actively CEP-stabilized OPA [6] [7] [8] generating 2 μm pulses with 130 fs. The 2 μm and 1 μm pulses (SHG) drive two WLs in a 3 mm YAG and in a 4 mm sapphire, respectively (see Fig. 1 ). The CEP-noise of our driving source is independently characterized to be around 200 mrad rms (single-shot) for the 1 μm beam. The detected spectral fringes, representing the relative phase among the two WLs, are recorded with a home-made single-shot and every-shot spectrometer with a cooled InGaAs-based detector (Hamamatsu G9208-256W) running at 1 kHz (see Fig. 2 ). The relative phase noise is measured to be 172 mrad at 1250 nm. Due to the nature of this measurement, this phase noise includes residual CEP-fluctuations of the driver, which proves a low intrinsic noise in the two separate WL processes. This measurement demonstrates that indeed separate WLs pumped with different harmonics of the same CEP-stable pulse can be used to seed a parallel parametric waveform synthesizer with sufficiently low phase noise to allow for stable ultra-broadband waveform synthesis. Each WL can be generated close to the first amplifying stage of each spectral channel which avoids degradation of the WL mode due to diffraction during propagation. In addition, it shows the possibility to seed over a >3 octaves bandwidth without spectral gaps. Furthermore the demands on the dispersion management scheme [9] in such a synthesizer are relaxed because an ultra-broadband seed does not need to be spectrally split in the first place.
